To examine the influences of recall period, current body weight, weight gain and loss, and weight variability on the accuracy of long-term recall of past weight. DESIGN AND SUBJECTS: Comparison of recalled weights around 25 y old with weights measured at age 25 y in health checkup records among 2453 Japanese men (age: 34-61 y). MEASUREMENTS: Deviations between reported and measured weights were examined as to the three indexes: actual error (reportedÀmeasured), percent error (actual error/measured Â 100), and absolute value of the percent error. Weight variability was defined as (1) the coefficient of variation of weight (CV) and (2) the root mean square error around the slope of weight on age (RMSE). RESULTS: Recalled weight strongly correlated with measured weight (r ¼ 0.849). Correlation coefficients decreased as age or the elapsed time since age 25 y increased. Recalled weight (mean ¼ 58.3 kg) was slightly greater than measured weight at age 25 y (mean ¼ 57.0 kg, mean actual error ¼ 1.28 kg). Subjects with a current body mass index (BMI) of less than 28.6 kg/m 2 overestimated their past weights, whereas those with BM1 of 28.6 kg/m 2 or over underestimated it. Subjects with weight loss since age 25 y underestimated their past weights, whereas those with stable weight or gain overestimated it. There were monotonic increases in the three indexes of deviation across the CV quartile categories. Concerning the effect RMSE, a similar trend was observed. CONCLUSION: These results indicate that past body weights over a long period seem to be recalled with good accuracy. However, it should be kept in mind when using recalled weight in an epidemiologic study that accuracy of recall is influenced by age or elapsed time, current BMI, weight gain and loss, and weight variability.
Introduction
It is well known that obesity is associated with increased risk for many chronic diseases, including cardiovascular and cerebrovascular diseases, diabetes, hypertension, and certain cancers. [1] [2] [3] [4] [5] [6] [7] [8] The long latency for such diseases means that the exposure to etiological factors, in this case increased relative body weight, may have occurred in the distant past before diagnosis. 9, 10 Therefore, both past weight and long-term trends in body weight may be more significant as etiological factors for chronic disease than current weight. 8, 11 For example, weight change during adulthood is associated with serum lipids concentrations and arterial blood pressure. [12] [13] [14] [15] Some studies have also reported an association between weight cycling and cardiovascular mortality, coronary heart disease, or certain cardiac risk factors. 8, 12, 16 In addition, both weight at menarche and subsequent weight gain are associated with increased risk for breast cancer. 6, 17, 18 In many epidemiologic studies, subject recall is the only feasible source of information on past body weight and is frequently used. 7, 11, 14, [17] [18] [19] However, the validity of longterm recall of body weight has not been well established, although the validity of self-reported current weight has been extensively studied. [20] [21] [22] [23] [24] [25] To our knowledge, a few studies have examined the validity of self-reported past body weight. [26] [27] [28] [29] [30] [31] Variables that might affect the accuracy of the reported weight are suggested to be sex, [26] [27] [28] [29] education, 26, 27 race, 26 and current body weight. [26] [27] [28] To our knowledge, few studies reported the effects of weight change and variability. In this study, we compared recalled values of age weights at around 25 y obtained from self-reported questionnaires with actual measured weights at 25 years of age found in health check-up records, and examined the influences of age, recall period, current body weight, weight gain and loss, and weight variability on the accuracy of self-reported past weight.
Subjects and Methods
Subjects and study design A survey was conducted in 1997 among employees of N Corporation, a manufacturing company in Nagoya, Japan. The participants in the 1997 survey consisted of 2816 Japanese male workers aged 34-69 y. The survey included a self-reported questionnaire, physical examination, blood pressure measurement, and collection of blood samples for laboratory analysis. This questionnaire contained, among other things, the following open-ended question: 'What was your usual weight around age 25?' In physical examinations, weight and height were also measured with the subjects in typical indoor clothing without shoes.
In order to compare the self-reported past weights with the measured weights, we collected actual measured past body weights at age 25 y from the health check-up records, in which the annual health check-up data of each employee have been recorded since employment. Finally, self-reported past weight, actual measured past weight, and both current weight and height were obtained from 2453 men (mean age: 50.1 y; mean elapsed period from age 25 y: 25.1 y). The distribution of age showed 238 aged less than 40 y (34-39 y), 228 aged 40-44 y, 472 aged 45-49 y, 804 aged 50-54 y, 650 aged 55-59 y, and 61 aged 60 y or older (60-61 y).
Permission with written informed consent to look into the personal records of health check-up was given by all subjects on enrolling into the study.
Body mass index category
Body mass index (BMI; computed as (body weight in kg)/ (height in m)
2 ) from measured weight and height was used as a categorical stratification variable. BMI, a commonly used method of adjusting weight for height in epidemiologic studies, was used to divide the analytic sample into four classes of measured weight. We adopted the criteria recommended by the Japan Society for the Study of Obesity, since the subjects with BMI >30 kg/m 2 were only about 1% of all subjects. According to these criteria, underweight was defined as o19. ).
Weight variability measures
We have further examined the actual weights at ages 30 and 40 y, and that of ago (in 1992) from the respective health check-up records among 50-59 y-old subjects. The actual weights at ages 25, 30 and 40 y, and ago, together with current weight, were obtained from 1398 subjects. Weight variability was assessed in two ways: coefficient of variation (CV) and root mean square error (RMSE). CV was calculated as standard deviation/mean weight Â 100 using five actual weights described above. RMSE was also calculated using five actual weights. The RMSE reflects variability around an individual's linear weight by age.
Statistical analysis
The subjects were divided into six groups by age: o40, 44-44, 45-49, 50-54, 55-59, and !60 y old. Recalled past weights and actual measured weights at age 25 y were correlated using Pearson correlation coefficient in each age group. Deviations between reported and measured weights were examined as to actual error (reportedÀmeasured), percent error (reportedÀmeasured)/measured Â 100, and absolute value of the percent error (reportedÀmeasured)/ measured Â 100, which were modified from the indexes in Steven's study, 26 in which actual error was defined as measured minus reported weight. In this study, a positive value for the actual error or the percent error indicates overestimation of the value, whereas a negative value reflects underestimation. We took it for granted that recalled weights were influenced by age or elapsed period, and current BMI. Therefore, we assessed the direction and magnitude of actual error, percent error, and absolute value of the percent error adjusting for age and current BMI, using analysis of covariance under the General Linear Model Procedure of SPSS. However the three indexes indicating the effect of age or elapsed period were adjusted for current BMI, and those indicating the effect of BMI were adjusted for age. All other analyses were also conducted using SPSS 10.0.
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Results Table 1 shows the relation between recalled and measured weights at age 25 y by age group. There was a steady and marked increase in measured weight at age 25 y by age at the time of survey. Self-reported weight was strongly correlated with actual weight in all age groups (Pearson r ¼ 0.801-0.926, 0.849 of total subjects), but correlation coefficients decreased with an increase in the period elapsed from age 25 y or with advancing age. Recalled weight (mean ¼ 58.3 kg) was slightly greater than actual measured weight at age 25 y (mean ¼ 57.0 kg, mean actual error ¼ 1.28 kg, Po0.01).
Long-term recall of past body weight K Tamakoshi et al Figure 1 demonstrates the effect of age or the time elapsed since age 25 y on the actual error, percent error, and absolute value of the percent difference after adjusting for current BMI. Both actual and percent errors increased with age after 50 y. The absolute value of the percent difference increased with advancing age.
The effect of current BMI on the three indexes of deviation between reported and measured weights after adjusting for age is shown in Figure 2 . Current BMI was associated with recall error. Both actual and percent errors decreased as current BMI increased. Persons with a BMI of less than 28.6 kg/m 2 overestimated their past weight, whereas those with 28.6 kg/m 2 or over underestimated it. The absolute value of the percent difference increased as current BMI increased. Figure 3 shows the effect of actual measured weight gain and loss on the three indexes of deviation after adjusting for age and current BMI. We calculated current measured weight minus the measured weight at age 25 y. Subjects with weight loss were categorized tertile, and those with stable weight or gain were done by quartile. Persons with weight loss underestimated their past weight, whereas those with stable weight or gain overestimated it. The degree of underestimation and overestimation increased with increases in the degree of weight loss and gain, respectively. The absolute value of percent error also increased with the degree of weight loss and gain.
The effect of weight variability on recall error is shown in Table 2 . Weight variability was associated with recall error. There were monotonic increases in the three indexes of deviation across the CV quartile categories. The upper quartile of RMSE overestimated past weight more strongly than the other quartiles, and the absolute value of percent error increased across the quartile category of RMSE.
Discussion
Recall of past body weight has until now been examined in few studies. [26] [27] [28] [29] [30] [31] These studies have found height-to-moderate 31 In this study, body weights over a long period seem to be recalled with good accuracy. We found a strong correlation (r ¼ 0.85) between recalled and measured weight at age 25 y similar to that found in the previous studies. Consistent with other studies, the magnitude of the difference was also small (1.28 kg), although statistically significant.
Subjects in the above-mentioned previous studies were either participants in follow-up studies [26] [27] [28] [29] 31 or newly diagnosed diabetic patients. 30 They are possibly more aware of past weight and other factors associated with their appearance than is the general population. Since we compared the self-reported weight with the actual weight in health check-up records measured before subjects' participating in this cohort, the present study is free from such a bias. Another strong point of this study is that the accuracy of past weight recall is examined in more subjects Long-term recall of past body weight K Tamakoshi et al (2453 subjects) than those in the six previous studies (91-1932 subjects). Therefore, we could examine the accuracy in detail by dividing our subjects into many categories. Previous studies found that discrepancies between reported and actual measurements of body size over long periods of time are associated with current body size, [26] [27] [28] sex, [26] [27] [28] [29] race, 26 and education. 26, 27 In this study, we mainly examined the effect of the factors related to body weight. We found that men with a current BMI of o28.6 kg/m 2 overestimated their past weight, and the degree of overestimation decreased as current BMI increased, whereas men with a BMI of !28.6 kg/m 2 underestimated their past weight. There was a monotonic increase in recall error across the current BMI categories. Stevens et al 26 also reported that a higher current BMI was associated with an underestimation of past weight, whereas a lower current BMI was associated with an overestimation of it. This association between current body size and error in the recall of past weight is similar to what others have found for errors in self-reporting of current weight. 22, 25 We also found that men with weight loss since age 25 y underestimated their past weight, whereas men with stable weight or gain overestimated their past weight, and that the degree of underestimation and overestimation increased as the degree of weight loss and gain increased, respectively. This relation suggested that men with weight loss made the degree of weight loss look small, and those with weight gain made the degree of weight gain look small. This fact is of some interest. The distinction of the present study over the others is that the association between recall errors in past weight and body weight variability was examined. Weight variability was associated with recall errors in past weight. Recall errors tended to increase as weight variability such as CV and RMSE increased.
As to the effects of age and length of time elapsed, recall errors tended to increase with either of these factors. One of the limitations of this study is that the effects of age and time elapsed get mixed up. A previous study reported that bias did not vary considerably with age. 30 Another limitation is that we conducted a survey of past weight recall only among Japanese male workers. Perry et al 29 have reported that black subjects and women underestimated their past weight to a greater degree than did white subjects and men. Stevens et al 26 have also reported a slightly greater underestimation of past weight by black women. We plan to conduct the same survey on women in the future. Although some studies reported that the educational level affected the accuracy of the reported weight, we did not consider it because most of the subjects received schooling of more than 12 y. Weight can be recorded at regular intervals in a long-term follow-up study, is health check-ups in the workplace and medical records. In many epidemiologic studies however, there is no other way than using self-reported past weight to assess the effect of weight change on chronic disease. It is impressive that past body weights seem to be recalled with good accuracy over a long period. It is therefore meaningful to ask people about their past weight to obtain information on another important exposure, ie history of body weight, from the viewpoint of preventing disease. Nevertheless, current body size, body weight variability, and recall period may be important determinants of the accuracy of recalled past weight. It would be advisable not only to consider these biases when possible in the interpretation of the data, but also to adjust for them when using self-reported past weight in epidemiologic studies.
conducting the survey and collecting valuable information for this study.
